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OBJECTIVES:

1. To design a technique which is technologically simple, inexpensive,
demands little skill and presents potential for use in a relatively unsophisti-
cated clinical setting.

2. To use the same antigens for the PELISA technique as for the MIFA pro-
cedure and compare the two.

BACK.GROUND: Serodiagnosis of Riakettsia tsutsugamushi infection in clinical
situations is usually accomplished by the Wei1-Fe1ix reaction detecting agglu-
tinins to the OXK strain of Proteus mirdbiZis. The technique lacks specificity
and sensitivity (1) and subsequent infections do not appear to demonstrate in-
creased Wei1-Fe1ix titers (14). The complement fixation (CF) test does not
give significant titers with acute-phase sera witho~t endemi,~ regional homologous
strains of the rickettsia included as a part of the antigen (6, 13).

Indirect immunofluorescence (IFA) procedures have become th~ accepted sero-
diagnostic technique because of their sensitivity in detecting group antigens as
well as homologous strains of the scrub typhus rickettsia (5, 7). Adaptation of
the IFA test to the microimmunofluorescent (MIFA) technique placed the fluores-
cent microscope technique in the position of being an acceptable tool for routine
serodiagnosis and studies of the disease epidemiology (3, 15, 16). The Weil-
Felix reaction, complement fixation test and microimmunofluorescent procedures
are all complicated by the difficulty in preparing specific antigens (4, 8~ 13).
A microplate enzyme-linked immunosorbent technique has been used and is reported-tQ 

offer an acceptable alternative to using the MIFA procedure (5).

In most clinical situations, the only technique available for laboratory
diagnosis remains the Weil-Felix reaction, this is due to the expense of equip-
ment and lack of skilled personnel to perform the other laboratory tests.
During our studies of human serum antibody to the scrub typhus rickettsia, we
decided to develop an enzyme-linked immunosorbent assay (ELISA) concurrent with
our MIFA studies as an alternative immunochemical laboratory procedure.
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METHODS: Antigen: Antigens for the Karp, Kato and Gi~liam strains of R.
.-j

t8ut8U~amush~~ obtained from the Department of Rickettsio1ogy, USAMRU, Institute
for Medical Research,Kuala Lumpur, Malaysia, were prepared from specific pathogen
free hen's eggs (SPAFA~, Inc., Norwich, Conn.) as a 20 percent yolk sac suspen-
sion in Snyder's diluent (2). Aliquots of the preparation were stored at -70°C
after determining the procedural working dilution. Working dilutions were deter-mined, 

using the same:diluent, which would yield approximately 1,000 organisms
per SOOX microscope field and titer by MIFA, to end point, with a fina11:S0
dilution of high titer human sera. When testing was performed, the aliquot was
thawed to 37°C, kept on wet ice, and prepared to the predetermined working dilu-
tion. The working preparations were used as equal volume pools and as single
antigens for the MIFA method of Robinson (10) as well as for the ELISA technique.
Negative serum controls, normal yolk sac suspensions, and serum diluent were
evaluated concurrently with the human sera.

Sera: Human serum from Thailand and Malaysia r~presented indigenous persons
potentially exposed to scrub typhus: positive control sera were from patients
infected with R. tsutsugamushi. Six groups of 98,105,10, 50, 58, and 30 sera
were designated Tab1an 1, 2, 3 (TP1, TP2, TP3), Pak Chong 2, 3 (PC2, PC3) and
(KLX). All were stored at -20°C prior to testing. Serum tested by both proce-
dures was initially diluted to 1:50 and screened against pooled antigen. Posi-
tive sera were then titered against the pool as well as against the separate
~ntigens in 2-fo1d serum serial dilutions of 1:100, 1:200, 1:400, 1:800 and
1:1600. Control sera were defined as positive or negative at a 1:50 dilution.
A test positive serum was read relative to the controls and positive titers as
positive at 3 to 4 serial dilutions of the serum. For the MIFA procedure 28
sera and two controls were tested per microscope ~lide. Ten sera and two con-
~ro1s per slide were used for the ELISA technique.

MIFA procedure: Training for the performance of the test was obtained in
Kuala Lumpur using the MIFA method of Robinson (10) and was performed in Bangkok
with no deviation from the essential procedural steps. The method essentially
prescribes appropriately diluted antigens and controls, placed as 30 pen nib
dots on a microscope slide. ~ixed in acetone, incubated at 37°C with an initial
1:50 (serum: phosphate buffered saline) diluted specimen per antigen dot and
again incubated with a fluorescence conjugated horse anti-human immunoglobulin.
Phosphate buffered saline (PBS) was utilized for all intermittent washing steps.
Microscopic fluorescence examination was performed with a Leitz Orthoplan re-
search microscope, equipped with fluorescence technique objectives. at 40X dry
power. Filter and light sources were combined to produce a maximum intensity
ocular emission fluorescence at 525 millimicrons.

PE~ISA technique: Antigen was applied as a single one lambda drop on a
microscope slide, fixed in chloroform: methanol, dried and sandwiched with a
five lambda test serum drop (diluted 1:50), incubated, washed~ dried and sand-
wiched with an anti-human IgG peroxidase conjugate (diluted 1:400), incubated,
washed and dried before direct application of a substrate saturated filter papero
The enzyme reaction was visually monitored as production of a purple-brown pro-
duct and terminated by removal of the filter paper holding to remaining substrate
and product produced. This pape.r was quickly dried and retained as a permanent
record of the test. All sera, as in MIFA~ were first screened against pooled
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antigen. A positive serum ~as then titered againsE the pool and also titered
against the individual antigens rendering separate titers for the pooled and
individual antigens. Procedural details were as follows:

One lambda drops of working ~ntigen, delivered by an Eppendorf automatic
hand pipette, were spotted on slides prec1eaned with a mixture of chloroform
N.F. (Allied Chemical, Morristown, N.J.): methanol ACS (Eastman Kodak, Rochester,
NbY.), 2:1 by volume (C:M) and air dried 1 hr. to approximately 5 mm diameter
circular spots, 12 spots to .i slide in 3 rows, 4 spots per row. After air
drying, the spotted slides were fixed by immersion in C:M at 4°C for 10 min.
and again air dried. The antigen prepar~d slides were immediately used or stored
in a desiccation container at -20oC and used within two weeks. Slides were
general laboratory use 75 mm x 25 mm glass with one frosted end (Propper Mfg Co.,
Inc., L.I.C., N.Y.). Serum was diluted with a 1% Tween 20: 0.5 M NaC1 solution,
pH adjusted to 7.4 with 0.1 M K2HP04 (12). Five lambda of the diluted serum was
spotted at room temperature to cover the dry antigen spot on the microscope
slide, maintaining an approximate 5 mm diameter circular antigen-serum surface
area and incubated on a damp sponge humidified at 37°C for 30 minutes. The
slide was then washed at room temperature with a pH 7.2-7.4 phosphate buffered
saline (PBS) (9) three times, 5 mi~utes each time, by soaking in a histopathology
Coplin jar which was emptied and refilled with fresh PBS between the successive
soaks. Following this wash the slides were dried using an unheated hair dryer.
Each slide was carefully cleaned around the antigen-serum spots with a dry cotton
tipped applicator to remove any traces of residual serum which would ,interfere
with the edge surface tension integrity of later sandwiched drop applications.

Anti-human IgG (heavy chain) conjugate was obtained from Microbiological
Associates, Walkersville, MD. as a conjugated horseradish peroxidase IgG Fractiqn
prepared in rabbits. The working peroxidase conjugate was prepared as a 1:400
dilution in the Tween NaCl diluent. Aliquots of the diluted working conjugate
were stored at -ZO°C until use. Work~ng conjugate, at room temperature, was
delivered as a 5 lambda drop onto the slide antigen-serum spot, maintaining a 5
mm diameter spot-surface contact, kept humidified at 37°C for 30 minutes, and
followed by washing and drying as performed in the application of serum samples
to the antigen spot. The conjugate dilution of 1:400 was determined by titration
to be optimal. Substrate was a freshly prepared mixture of 9 parts, 80 mg% aq.,
of 5-Amino Salicylic acid (ICN Pharmaceutical Inc., Plainview, N.Y.) pH, adjusted
to 6 with IN NaOH and 1 part 0.05% HZOz aq. (Mallinckrodt, Inc., St. Louis, MO.)
added as an oxidizer (11). Fi+ter paper (Whatman Ion.. ashless /141) was cut to the
same dimensions as the microscope slide, saturated with 500 lambda of the pre-
pared substrate, and carefully overlaid on the slide. Production of the purple-
brown substrate product is visually monitored at the control spots site for
approximately 4 to 6 minutes, then the filter paper is removed and air dried. A
test positive or negative serum is visually determined relative to the controls.
A positive titer was defiend to be a 3 to 4 fold dilution of serum. Positive
and negative sera controls were tested on each slide.

RESULTS: The MIFA procedure and our peroxidase paper enzyme-linked immuno-
sorbent assay (PELISA) using an enzyme conjugate were studied in ability to
detect antibody in 351 human sera. An agreement of 96.3% with the MIFA procedure
in the screening of antibody at a 1:50 serum dilution against a heterologous
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antigen pool of Karp, Kato and Gilliam strains of the scrub typhus rickettsia
was obtained (Table I). Of the sera screened positive for antibody, 2% more
were detected by PELISA. Of negative sera, 2% more were detected by the MIFA
than by PELISA.

I
In performing titers, by 2-fo1d serial dilutions of the serum, comparison

was made as agreement or disagreement between the 2 methods as being within one
or two dilutions (Table II). Titer agreement within 2 dilutions was 94.6% for
the pool, 93.7% for the Karp strain, 93.7% for Kato and 92.0% for Gilliam.
These agreement percentages represent serum with detectable antibody as well as
those without detectable antibody levels. Positive antibody detection ranged
from the initia11:50 dilution to 1:1600, all in 2-fo1d serial dilutions.

Figure 1 is an enlarged photograph and code description (Table III) of the
dry PELISA 75 x 22 mm microscope slide size filter paper strips. Strip I repre-
sents only posit"ive and negative control sera with all except I/1/C, I/l/D,
1/2/A, I/3/A and I/3/B being positive. Strip II represents actual test sera and
four controls, II/2/C and II/2/D being a positive and negative control sera and
II/3/c and II/3/D being uninfected no-antigen normal yolk sac reagent controls
tested against a positive and negative control serum. Strip III represents
tested sera and a positive and negative control sera at III/3/C and III/3/D.
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